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Abstract 

It is shown that the quantum SU(3) gauge theory can be approximately reduced to U(l) gauge theory 
with broken gauge symmetry and interacting with scalar fields. The scalar fields are some approximations 
for 2 and 4-points Green's functions of Ah '"' 7 gauge potential components. The remaining gauge potential 
component is the potential for U(l) Abelian gauge theory. It is shown that reduced field equations have 
a regular solution. The solution presents a quantum bag in which A^ color electromagnetic field is confined. 
■ This field produces a field angular momentum which can be equal to Ti. It is supposed that the obtained 

solution can be considered as a model of glueball with spin h. In this model the glueball has an asymmetry. 
The same asymmetry may have the nucleon which can be measured experimentally. 

(N . 

£ ' PACS 12.38.Aw, 12.38.Lg 

(SI ! 1 Introduction 

One of the problems of the nucleon spin structure is the origin of the orbital angular momentum of the gluon 
field. In this paper, we offer the following model of the orbital angular momentum in a quantum bag. The 
SU(3) gauge potential A B G SU(3) (B = 1, . . . , 8, fjt = 0, 1, 2, 3) can be decomposed on A^ <E SU(2) C SU(3) 
(a = 1,2,3), Al G 17(1) C SU(3) and A™ G SU(3)/(SU(2) x U(l) (m = 4,5,6,7). The non-perturbative 
' interaction between quantum components A a ^ and A™ leads to the appearance of a pure quantum bag pp. We 

will show that in this bag one can place color electric and magnetic fields (arising from AS) in such a way that 
' an orbital angular momentum appears which is confined in the bag. 

The idea presented here that the gluonic field A B with different B may have a different behaviour is not 
a new idea. For example, in Ref. |2] the similar idea is stated on the language of "valence gluon field and 
Oh, background field £> M " and as a result the behaviour of field correlators D and D\ is obtained at small and large 

^ 1 distances for perturbative and non-perturbative parts. 

Recently 0-^31 ^ ^ s shown that the condensate (A B A BfJ -^ may play very important role in QCD. In the 
i-C ■ present paper we will show that this condensate is absolutely necessary to describe the quantum bag, in which 

J> , some almost-classical color field is confined. 

2 577(3) -> SU(2) + U(l) + Coset decomposition 

In this section the decomposition of SU(3) gauge field to the subgroup SU(2) x U(l) is defined. Starting with 
the 517(3) gauge group with generators T B , we define the SU(3) gauge fields A^ = A B T B . Let [7(1) x SU(2) 
be a subgroup of SU(3) and SU(3)/(U(1) x SU(2)) is a coset. Then the gauge field A^ can be decomposed as 
follows: 

Ap, = A B T B = AlT a + b li T & + A™T m , (1) 
Al G 5*7(2), Al = b„ G U(l) and A™ G SU(3)/(U(1) x 517(2)) (2) 

where the indices B — 1, ... ,8 are SU(3) indices; a, b, c . . . = 1, 2, 3 belongs to the subgroup SU(2) and m, n, . . . = 
4,5,6, 7 belongs to the coset SU(3)/(U(1) x SU(2)). On this basis, the field strength can be decomposed as 

?%T B = T%T a + + T™T m (3) 

where 

K» = K» + 9f amn A™A? G 517(2), (4) 

F; v = d^Al - d v Al + ge abc AlAl G 517(2), (5) 

rf a , = h lat + gJ* mn A™AZ G*7(l), (6) 

K v = dJ> v -d v b„ eU(l), (7) 
^ - F™ + gf mna (AlAl - AIM) 

+gf mn8 (b v A» - bpAZ) G SU(3)/(U(1) x 5*7(2)), (8) 
F;i = d^A™ - d v A™ + gf mnp AlAl 

G SU(3)/(U(l) x SU(2)), (9) 



where f ABC are structure constants of SU(3), e ahc = f abc are structure constants of SU(2) and g is the coupling 
constant. 

For the non-perturbative quantization we will apply a modification of the Heisenberg quantization technique 
to the SU(3) Yang-Mills equations. In quantizing these classical system via Heisenberg's method ^2] one nrs t 
replaces classical fields by field operators A B — » A B . This yields non- linear, coupled, differential equations 
for the field operators. One then uses these equations to determine expectation values for the field operators 
A B (e.g. (Az), where (• • •) = (Q\ ■ ■ ■ \Q) and \Q) is some quantum state). One can also use these equations 
to determine the expectation values of operators that are built up from the fundamental operators A B . For 
example, the "electric" field operator £f = d A B - d z A B + gf BCD A§A z J giving the expectation The 
simple gauge field expectation values, (A tl (x)}, are obtained by taking the expectation of the operator version of 
Yang-Mills equations with respect to some quantum state \Q). One problem in using these equations to obtain 
expectation values like (A B ), is that these equations involve not only powers or derivatives of (A B ) (i.e. terms 
like d a (A B ) or d a dp(A B )) but also contain terms like (?™ n = (A B A^). Starting with the operator version of 

Yang-Mills equations one can generate an operator differential equation for the product A B A^' thus allowing 
the determination of the Green's function Q™ 1 ■ However this equation will in turn contain other, higher-order 
Green's functions. Repeating these steps leads to an infinite set of equations connecting Green's functions of 
ever increasing order. This procedure is very similar to the field correlators approach in QCD (for a review, see 
[T3"|y In Ref. [2j a set of self coupled equations for such field correlators is given. This construction, leading 
to an infinite set of coupled, differential equations, does not have an exact analytical solution and so must be 
handled using some approximation. 

3 Derivation of an effective Lagrangian 
3.1 Basic assumptions for the reduction 

It is evident that a full and exact quantization is impossible in this case. Thus we have to look for some 
simplification in order to obtain equations which can be analyzed. Our basic aim is to cut off the infinite 
equations set using some simplifying assumptions. Our quantization procedure will derive from the Heisenberg 
method in which we will take the expectation of the Lagrangian rather than for the equations of motions. Thus 
we will obtain an effective Lagrangian rather than approximate equations of motion. For this purpose we have 
to have ansatz for the following 2 and 4-points Green's functions: 

{A«(x)A b v {y)) , (A™(x)AUy)), 

{Al(x)A b p (y)A™(z)Al(u)) , (A a a (x)A b p (y)A^(z)A d v (u)) , 
(A2(x)A%(y)A*(z)Al(u)) , (b a (x)bp( y )A™(z)A?(u)) . 

The field fe M remains to be almost classical field. Now we would like to list the assumptions necessary for the 
simplification of 2 and 4-points Green's functions. 

1. The gauge field components A^ — 6 M belonging to the small subgroup U(l) are in an ordered phase. 
Mathematically this means that 

(b^x)) = (6 p (a0)ci. (10) 

The subscript means that this is a classical field. Thus we are treating these components as effectively 
classical gauge fields in the first approximation. In Ref. jlftj , similar idea on the decomposition of initial 
degrees of freedom to almost-classical and quantum degrees of freedom is applied to provide calculation 
of the (A B A B v) condensate. There the condensate is a constant but in fact in our paper we propose the 
method which allow us to calculate the condensate varying in the space. 

2. The gauge field components A^ E SU(2) (a=l,2,3) belonging to the subgroup SU(2), A™ £ SU(3)/(U(l)x 
SU(2)) (m=4,5, ... , 7) belonging to the coset SU(3)/(U(1) x SU(2) are in a disordered phase (in other 
words, a condensate), but have non-zero energy. In mathematical terms this means that 

(a<£ (xi) ■ ■ ■ A^IXX (X2n+i)) = 0, but (A% (xi) • • • Afc (x 2n )) ^0 (11) 
(A% ( Xl ) ■ ■ ■ A%%? (x 2n+1 )) = 0, but (A% ( Xl ) ■ ■ ■ A™* : (x 2n )) £ 0. (12) 

We suppose that 
(a) 

(A«(x)Al( y )) = -w opm / 6p "<r(a# n (y); (13) 



(b) 

(A™{x)A n v {y)) = [f mpa r ph r{x)4> b (v) + 6 mn iP(x)iP(y) 

+ar m ^(xMy)] (14) 
where a is some for the time undefined constant. 

3. There is the correlation between quantum phases A° and A™ 

((A% (a*)) . ..A a v " n (*„)) (A™(y) . ..Af{z))) 

= k n ((A% ( Xl )) . ..AH (!„))) ({A%(y) . ..Af(z))) (15) 

where the coefficient k n describes the correlation between these phases and depends on the number of 
operators. 

4. There is the correlation between ordered (classical) and disordered (quantum) phases 

((b lll ...b ll „)(A a a ...A>) (A?... Af)) 

= r n (b fll ...b tln )({A a a ...Al)(A™...A<2)) (16) 
where the coefficients r n describe the correlation between these phases. 

5. The 4-point Green's function can be expressed via 2-points Green's functions 

(a) 

[A™{x)A n v {y)Al{z)Al{u) 



\ x {{A™ A") (AIA%) - fi Va pSn (A™ A n „) - fa^S™" (a'A^ 
{A™Al) (A$A<) fivupS** (A? A*) ~ m? W" P (ASA*) + (17) 
A™Al) (A2A*) - nf V »«d np U™Al) ^p5 mq (ASA*) 



(b) 



(A^(x)Al(y)A c a (z)A d (u)) 

=A 2 ((A* A b u ) (A c a A d ) - ^\-q a p5 cd (A- At) - fa^S* (A c a A d ) + 
(A^Al) (A b v A d ) - ^6 bd {A%A%) - £r, m 6 ac (A b y A d ) + (18) 
(A°A d ) (AlA%) - fil Vua S ad (AlA%) - fivrtti* (AlA d a ) 



(c) 

(b IM (x)b v (y)A^(z)A n p(u)) =r 2 b^b v (A™Ap) - b^b v 5 mn M a0 (19) 
where M a p is some constant matrix. 

It is necessary to note that: (a) according to the assumptions @ and JSJ the scalar fields <fi a ' m are not the 
classical fields but describe 2 and 4-points Green's function of the gauge potential A™ ,a ; (b) we consider the static 
case only, i.e. all Green's functions do not depend on the time; (c) the assumption (J5J means that schematically 
(A 4 ) = (A 2 ) (A 2 ) — /i 2 (A 2 ) + M and that the initial system loses some symmetry (gauge symmetry in our 
case). 

3.2 The first step. 5*7(3) -> SU(2) + U(l) + coset reduction 

Our main aim is to show that the quantum SU(3) gauge theory in some physical situations can be approximately 
reduced to U(l) + scalar fields theory. In this section we will show that SU(3) — > 17(1) + coset reduction can 
be made by two steps. On the first step we will decompose SU(3) — > 57/(2) + U(l) + coset and on the second 
step SU(2) + U(l) — > U(l) + coset. Thus our aim is to calculate 

(?%T B »») = {T% v T a » v ) + (J*^"") + (T™T m ^) (20) 



3.2.1 Calculation of (F°JF a »") 
We begin by calculating 

{T^T 11 ^) = (F^F a ^) + 2gf amn (F® v A mfi A ni/ ) + g 2 f amn f a Pi (A™A™A m A qv ) . (21) 
According to the assumption (J2aJ) , 

(F^A m »A nv ) = (22) 

since \F^ v j is antisymmetric tensor while A mp, A nv is a symmetric one. According to the assumption 15af) one 
can calculate (the details can be found in Ref. [I]) 

"9 



A™{x)A n v {x)Al{x)A«Jx))=\ ig 



Finally, 



r - m 



2 1a 1a 



3.2.2 Calculation of {T™ v T m » v ) 

The calculation of this term we begin by calculating 



(23) 
(24) 



= {(d fl A , l l - d v A™) j + g 2 f mna f mpb {{A^Al - A^Aft (A w A bv - A pv ' A b ^)) 

g 2j m n$ fmp8 ((A*b u - A^b^) (A W b" - A^V*)) + 

2gf mna ((d t ,A™ - d u A™)) ({A n »A av - A nu A a *)) + 
2gf m *((d lt A? - d v A™)) {(A np b u - A^b")) + 

2g 2 f mnajmpS (J^nj^a _ A^A*)) {{A P »b U - A^V*)) 

The calculations using the assumptions Q2a|l . ©, and (|5c| give us 

((d^A™ - d v A%) (d»A mv - d v A m »)) = -6 [{d^ a ? + 4 (d^f , 
2gf mna ((dp A™ - d v A™) (A n "A au - A nv A a »)) = ~6gk 1 e abc (d^) A b »4> c , 
2gf mn8 ((d»A™ - d v A™) {A np b v - A nv b p )) = lSgar^ (drf) i/>, 
g 2 f mna f mpb {{A™A a v - AlA a ^ (A w A bv - A pv A bp )) 

I 



-6g 2 k 2 (A^) 



.g 2 / m " 8 / mp8 ((A^bu - A^b„) {A p »b v - A pv b^)) 



2g 2 f mna f mp8 {(A^Al - A™Al) {A pll b v - A pv b»)) = 0, 



g 2jamnjapq (A™ A™ A P A qV ) = Alg 2 
g 2jSmn^pq (A™A^A Pll A q ») = X ig 2 



9 w 



r 



b a <p a ) 2 



18/x 2 </> Q </> Q 



Finally, 



-6g 2 k 2 (A;A a ^) 

3.2.3 Calculation of (F^F 8 ^) 
Analogously we have 



(J, v 

k bib\ | /2 



-6gk 1 e abc {d^ a ) A bp (j) c + lSganW (<^V) ip 



{Fl v T^ v ) = [h^f + 2gh llu f mn (A m>i A nu ) + g 2 f mn fpi (A™A™A p ^A qv ) 



= (V) + ^i5 2 

as h uv is the antisymmetric tensor but (A ml1 A nu ) is symmetric one. 



(25) 



(26) 

(27) 
(28) 

(29) 

(30) 
(31) 
(32) 

(33) 



(34) 



(35) 



3.3 An effective Lagrangian after the first step 

Using the results of the previous sections we have 

(T^T A ^) = F^F a ^ + h^ v 
-6 {{d^f + k l9 e abc {d^ a )A h ^ c 

+g 2 ^ [{A;A^) cftf - {A«r) (A^O)] 



- 36^(/) a (/) a 



-24 



- \gan (drf) + ^g 2 r 2 b^j 2 



-6g 2 



k 2 (A a M A a ») + -r 2 (b„b») 



-g 2 r 2 4> a rb^ + 6g%b v {-if"MZ + M» v ) . 



One can choose the following for the time undefined parameters 



(36) 



r 2 = -, n = V^2 



V3' 



and redefine 



r , 2 mi 



, Ai -> 2Ai, n{ 



V3 



After this we will have the following effective Lagrangian: 

-A(C SU(3) ) = (T A V T A » V ) = F%F**> + h^- 
2 {{d^f + k ig e abc {d^ a ) A b »cj> c + g 2 ^- e abc e ade A b (f ) c A d ^(f ) c 



2 {D^f - 2g 2 (A a ^ a ) (A b ^ b ) + \ l9 2 (<^ a - tff - 

2g 2 [A^A a » + b„V] i> 2 + 2g\b v (m 2 ) 



(37) 



(38) 



(39) 



where = dp A* — d v A t f t +ge abc A b A% is the field tensor of the nonabelian SU(2) gauge group; = d^b^—d^b^ 
is the tensor of the abelian U(l) gauge group; D^tfj — d^ifj + gb^ is the gauge derivative of a scalar field ip 
with respect to the U(l) gauge field 6 M . 

It is interesting to note that if we choose 



jfel = 2, k 2 = 4 

then we will have the SU(2) + U(l) Yang-Mills-Higgs theory with broken gauge symmetry, 

-4 (C sm ) = (T A V T A » V ) = F» v F a ^ + h^hT - 2 {D^f - 

2 [D^f - 2g 2 {Air) (A b ^ b ) + Ai 5 2 (<^° - - Wrf- 

2g 2 [(a^ + b^) i> 2 + (b^) (rr)] 

where D^4> = d^cjf 1 + ge a A b <jf is the gauge derivative with respect to the SU(2) gauge field A^. 

3.4 The second step. 577(2) + U(1) — * U(l) + coset decomposition 

Now we will quantize A^ degrees of freedom. First, we will calculate the term 

(F^F*") = ((d^Ai - d v Alf) + 2ge abc ({d^ - d„A^ A b »A c ») 



(40) 



(41) 



+g 2 e abc e ade ^A^A^A^) 



(42) 



The second term in the rhs of Eq. (|42|l is zero as the consequence of the assumption J2J): (A 3 ) = 0. Using this 
result we have 



{ F ; v F^) = --{d ll rf + Mg 2 



b m <t> m f ~ 36^ m <T 



(43) 



The next terms arc 



(AJA"")^ = -3(<j> m <f> m ) V> 2 , 



3k 2 



Collecting all the terms with A a we have 



(<r<n 2 - 36^ (^^) 



3k 



2 „2 



(44) 
(45) 



(46) 



After the redefinition <b m 



i A^2 ~9~ 5 ^2 



9 \ 



2(5 M m ) 2 -2(a^ a ) 2 



(All terms with A") 

+x 29 2 [{4> m 4> m )-f4] 2 -^g 2 i4 

irr) (<P m <P m ) + lg 2 (<r<n v> 2 - 



3.5 An effective Lagrangian 

Finally, we have the following effective Lagrangian: 

-,2 



(47) 



(48) 



where we have redefined 6 M — > 4> a ' m — > 4> a ' m /g and for the simplicity we consider the case with ip = 0. 



The field equations for this theory are 



fJ.Y 



+ A 2 - M 2 ) 

26^ (0V)- (m 2 )"" &„ 



It is convenient to redefine ef> a '' 



3 xa,m 

'Ml,2 



^Mi,2, Ai, 2 -> ^Ai, 2 and then 



6™ + A 2 (<T<T - fl 2 )] , 



= f-^(0°0°)-(m 2 )'"'6 I/ 
k 2 



(49) 

(50) 
(51) 



(52) 
(53) 

(54) 



Let us note that here we have undefined parameters Ai^, Mi, 2, (m 2 )^, k 2 . In principle these parameters have 
to be defined using an exact non-perturbative quantization procedure, for example, path integration. 



4 Numerical solution 

We will search for the solution in the following form: 

<f>(r,0) 



b a {r,6) = 

™M) = 
K = 



V3 ' 

xM) 



a = 1,2,3, 



m = 4,5,6,7, 



{f(r,6),0,0,v(r,e)}. 



(55) 

(56) 
(57) 



After substitution l(55 )l -l(57 )l into equations l|52 [l -H54 [l we have 

90 

89 



l_d_ 

r 2 dr 



dr 



j__9 

r 2 dr 
l_d_ 

r 2 dr 



A] 



,2% 

dr 
dr 



d 2 v 
dr 2 



1 




r 2 sin 9 


d9 


1 ,2 

-v 


r 


1 


d 


r 2 sin 6 


we 


1 


d 


r 2 sin f 


ld9 




d 




d6 



sin 



,<9x 

de 

dv 



*n0-5n) = f r- 



1 



sin 6» 961 



3 
3 



(58) 
(59) 
(60) 
(61) 
(62) 



The preliminary numerical investigations show that this set of equations does not have regular solutions at 
arbitrary choice of Mi,2, m o,3 parameters. We will solve equations (JSSJ-lJB^J) as a nonlinear eigenvalue problem 
for eigenstates 0(r, 9), x(f, 9), f(r, 9), v (r, 9) and eigenvalues Mi,2: m o,3- The additional remark is that this set 
of equations has regular solutions not for any values of parameters Ai^ and fci ; 2- In this paper, we take the 
following values: Ai = 0.1, A2 = 1.0, k 2 = 0.5. 

First, we note that the forthcoming solution depends on the following parameters: 0(0), x(0). We can 
decrease the number of these parameters dividing equations H59(l - ()62|l to 3 (O). After this we introduce the 
dimensionless radius x = r0(O) and redefine 0(r, #)/0(O) — ► 0(r, 9), %(r, 0) /(f)(0) — > x( r > #)> /( r > #)/0(O) — * 



/(r,6VM)M0) 
equations: 



v(r,9) and mo, 3/0(0) — ► mo, 3, Mi, 2/0(0) — > Mi, 2- Thus we have the following set of 



j__9_ 

x 2 9a; 



,90 
dx 



x 2 


+ Ai 


(^ 2 - 


1 


-f 


dx 


a; 2 


9a; \ 


1 


-( 


dx 




dx \ 



Ml) 



9 2 i> 
9a 72 



1 


9 


a; 2 sin 6 


d9 




X 


1 


9 


a; 2 sin f 


?96> 


1 


9 


a: 2 sin ( 


we 


sin 6 


9 


+ — 

a; 


96» 



sin # 



90 
90 



smtf— = % 



d9 
d9 

dv 



+ A 2 (x 2 - Ml) 



1 



sin 9 d9 



10=0, rr 



3 
fa 
3 

= 0, 



10=0, rr 



(63) 
(64) 
(65) 
(66) 
(67) 

0. The boundary 



The solution of this set of equations will be regular only if Eg (r, ( 
conditions will be defined below. 

This partial differential set of equations is extremely difficult to solve since non-linearity and especially 
because of that it is an eigenvalue problem. In order to avoid this problem we will solve these equations 
approximately. In Ref. pp it is shown that the bag formed by two equations (|64|l (|65|l without /, v is spherically 
symmetric. In our situation (with four equations (|64l) - (|67[) ') we will suppose that the perturbation made by the 

electromagnetic field is small enough and in the first approximation it can be neglected. It means that in 
this approximation the bag (which is described by equations l|64|l (|65|l ) remains spherically symmetric one and 



only two equations (|66[) - l|67|) are axially symmetric. Thus we have to average the term 
equation H64[) with respect to the angle 9, 



(r,d) 



r 2 sin 2 ( 



SXD.6 

Now we can separate the variables r and 9 in Eqs. Ip3|) (|BT|) . 

f(r,9) = /(r)0i(0), 

v{r,9) = u(r)0 a (0). 



de. 



the 



(68) 



(69) 
(70) 



After substitution in equations (|66|l H67[) we obtain the following equations: 



We take the following eigenvalues Ai 2 and eigenfunctions ©i 2 



12, 0i = cos 6- -cos 3 9, 



Ai 

A 2 = 6, 2 = sin 2 6 cos 



since only for this choice we will have 



E r (r,9)\ r=0 = 0, H r (r,8)\ r=0 = 0, 
M z £ 



(75) 
(76) 



(77) 
(78) 
(79) 



where M z is the total held angular momentum for the A 8 electromagnetic held. This choice of ©1,2(0) allow us 
to average the equation JBSJ, 



— / sm t 

7T 



f (x,0) 



v 2 (x, 6) 
x 2 sin 2 6 



Finally, we have to solve the following set of equations: 



4>" + V 

X 

x" + -x' 



63 J y ' 15 x 2 



4 ^ 



x 

A 2 



v" - —v 

X A 



x [4> 2 + A 2 (x 2 - &)} , 

3 

k 2 

r [ A 2 _ m 2 



(80) 

(81) 
(82) 
(83) 
(84) 



The series expansions near x = 



<t>{x) 
X(x) 



= 90 



Xo + X3TT + • ' 



m = / 3 y + 



v(x) 



V3 Y 



(85) 
(86) 
(87) 



provide the constraints (|77|l J7SJ). We will search for a regular solution with the following boundary conditions: 



0(0) = 1, 0(oo) = fi x , 

X(0) = Xo, x(oo) = 0, 

/(0) = /(oo)=0, 

v(0) = v(oo) = 0. 

Densities of the field angular momentum and its z— projection are 



M 

cM z 



r x E x H 

r sin 6 (H e E r - H r E e ) = 
/Vsin 2 6»cos 2 6» ^1 - ^cos 2 i 
fv 

-4r sin 2 (-8 cos 2 + 15 cos 4 9 + 1) 



(89) 
(90) 
(91) 
(92) 



(93) 

(94) 
(95) 



The total field angular momentum is equal to 



16?r 1 



M z = 



OO p7Z 



105 eg' J 



AL 



2tt 



eff" Jo Jo 



Ma = 0. 



r 2 sin 9M z drd0 



(96) 
(97) 



The energy density is equal to 



2s =Ef +Hf + {dt^f + {d^ a f + (d t 4> m ) 2 + {d^ m f + 



^ (r^ a - Mi) 2 + y<T<T - 2 M 2 ) + h (0m0m) . 



(98) 



This expression is given without the redefinition a,m — > j^4' a ' m j Mi,2 ~~ * \J ^^1,2,^1,2 
making this redefinition, inserting ansatz H55fl - I|57[) and integrating over the angle 9 yields 



%Ai, 2 . After 



2«? 2 £ - =8^ ff 2 J e sin 0d0 = JL (y' 2 + A x ^ + mg/ 2 ) 



15 r 2 + V m3 r 2 J fc 2 I 63 / 15 r 2 



(99) 
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,2 Al / 2 2\ 2 1 ^2 2 / 2 r, 2\ 

+ -Mi) + yX (x -2/i 2 ) 



Here we add the constant term in order to have a finite energy. This addition does not affect on the 

field equations and gives us a finite energy of the solution. It is necessary to note that such addition can be 
introduced in the assumption (JjjJ by the following scheme: (^4 4 ) = ( j 4 2 ) (A 2 ) — /if (^4 2 ) + M A where M is some 
constant which should be entered in such a way that excludes the term 4pMi m the Lagrangian. 

4.1 Numerical calculations 

Numerical calculations here are similar to calculations made in Ref. pp. We search for regular solutions by 
shooting method choosing Ml 21^0,3. The results are presented in Fig. QJ where the eigenvalues are 



/ii w 1.6141488, /i2 ~ 1.4925844, m « 3.6710443, m 3 « 3.46576801. 



(100) 
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^{x),x{x),f{x),v{x). 



The cigenfunctions 



Figure 2: The energy density x 2 e(x). 



It is easy to see that the asymptotical behaviour of the regular solution of equations (|81() - (|84|l is 

a( \ ~ ■ / exp{-a; v /2Ai^ 1 } 



x0*0 ~ Xc 



/(*) « /c 



cxp{ -x VMi-^2m|} 



« Woo exp{-x J ^/^ 2 - m 2 ,}. 
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The total field angular momentum l|96|l is 



1 ka 1 16?r 1 ir 1 °- 46 



(101) 
(102) 

(103) 
(104) 

(105) 



where the numerical calculations give I\ sw —0.96. If we want to have \M. Z \ = ft then the dimcnsionless 
coupling constant g have to be equal to 

l/<7 2 

S = -g-«2.2. (106) 

This quantity is equivalent to fine structure constant in quantum electrodynamic a — e 2 /(Tic) from which we 
immediately see that the dimensionless coupling constant g > 1. 

The profile of the energy density is presented in Fig. (J2J. The full energy is equal to 

W=— / r 2 e{r) sin ddrdd = —0(0) / x 2 e(x)da; = — 0(O)/ 2 . (107) 
9 Jo Jo 9 Jo 9 

The dimensionless integral I2 ~ 2.75 and consequently the full energy is 

W mm 17.3^. (108) 

g 2 

The numerical analysis shows that the values of /ii.2 without A 8 field are 

m m 1.618237, ^ 2 « 1.492871. (109) 

The difference between (|109|) and (|100|) is of the order 0.2%. This demonstrates that A 8 field makes very small 
perturbation of the (4> a ,(j) m ) bag and consequently confirms our assumptions that this quantum bag remains 
almost spherical one. 

The solution exists as well for other values of the parameters. For example, we obtained the solution for 

to = o.i, 

/ii w 1.6141488, /i2 « 1.4925844, m m 3.6710443, m 3 w 3.46576801. (110) 
In this case I\ w —0.13 and 

l/o 2 

3=^|_« 7 .7. (Ill) 
eft 

We see that we work in the non-perturbative regime with a strong coupling constant where the dimcnsionless 
coupling constant g > 1. The dimensionless energy integral I2 ~ 21.12 and 

M/W133M. (112) 
5 



5 The microscopical model of inner structure of glueball with spin 
one 

The presented regular solution describes a quantum bag in which the color electric and magnetic fields are 
confined. These fields give an angular momentum. Thus we have a bubble of quantized and almost-classical 
fields with finite energy and angular momentum (for some choice of the parameters Ai 2 and hi the spin can be 
M. z — ft). What is the physical interpretation of this object? One can suppose that such an object can be an 
approximate model of glueball with spin one. 

Now on the basis of obtained solution we would like to present the inner structure of this object. In Fig. © 
and (0J the color electric and magnetic fields are presented. From Fig. © one can see that at the center there 




Figure 3: The distribution of color electric field Figure 4: The distribution of color magnetic field 

showing that near to the origin an electric dipole ^4 8 showing that two color electric currents exist, 

exists. 



is an electric dipole and from Fig. ffl that electric currents exist in this object. Thus one can say that this 




quantum bag 



Figure 5: The schematical picture of the bag with confined color electromagnetic field as the model of glueball 
with spin h. 

model of glueball with spin one approximately can be considered as the electric dipole + two magnetic dipoles 
confined in a bag. Schematic view of this object is presented in Fig. (J5J 

Let us note that similar idea was presented in Ref. In this notice the author shows that the electro- 

magnetic field angular momentum of a magnetic dipole and an electric charge may provide a portion of the 
nucleon's internal angular momentum which is not accounted for by the valence quarks. From a rough estimate 
it is found that this electromagnetic field angular momentum could contribute to the nucleon's spin « I5%h. 

6 Discussion and conclusions 

Now we would like to briefly list the results obtained above. First, we propose a model according to which 
one can approximately reduce quantum SU(3) Yang-Mills gauge theory to U(l) gauge theory with broken 
gauge symmetry and interacting with scalar fields. During such reduction the initial degrees of freedom 
are decomposed to A® , A™ and A^ . A c ^ and A™ degrees of freedom are non-perturbatively quantized in such 

a way that they are similar to a non- linear oscillator, where (A a / n ) = but ((A% m ) 2 ^ ^ 0. A® de grcc of 

freedom remains almost classical and describe U(l) gauge theory with broken gauge symmetry. The quantized 
fields A a ^,A™ approximately can be described as scalar fields 4> m and </> a correspondingly. The obtained system 
of field equations has a self-consistent regular solution. Physically this solution presents a pure quantum bag 
which is described by interacting fields 4> m and 4> a and electromagnetic field A^ which is confined inside the 
bag. The color electromagnetic field A^ is the source of an angular momentum. The obtained object is a cloud 
of quantized fields with a spin (for some values of Ai^, &2 the spin can be equal to ft). We suppose that such an 
object can be considered as a model of glueball with spin one. The presence of the color electromagnetic field 
A^ leads to an asymmetrical structure in the glueball and nucleon that probably can be proved experimentally. 

Summarizing the results of this paper and Refs. £Q, |17j one can say that the interaction between A^ and 
A™ degrees of freedom gives a quantum bag. If A^ is non-quantized, in the result we have a flux tube with a 
longitudinal color electric field. If these degrees of freedom are quantized we have a quantum bag which can be 
considered as a model of glueball with spin zero. This paper and Ref. ^8] show correspondingly that this bag 
can sustain an electromagnetic field and colorless spinor field (one can say that the bag is strong enough) . 

In this paper, we have shown that the interaction between the condensates (A°A a/i ), (A™ A" 1 * 1 ) and (b^b^) 
is a necessary condition for the existence of the quantum bag where the field A is confined. One important 
thing here is that these calculations are non-perturbative and do not use Feynman diagram. 
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